Summary Detailed karyotypes and the fluorescence in situ hybridization (FISH) using 5S and 18S rDNA probes was applied to 3 species of the genus Juniperus. The number of chromosomes of J. chinensis var. sargentii and J. lutchuensis was 2nϭ22, except for J. chinensis var. procumbens (2nϭ44). Chromosomal sites of 5S rDNA were on one pair of the short arm of the median-centromeric chromosome and 18S rDNA were at the secondary constriction. No minor signals of 5S and 18S rDNA probes were detected in the Juniperus chromosomes. We developed karyotypes using McFISH with 5S and 18S rDNA, and reported the first time chromosome makers of the family Cupressaceae.
The genus Juniperus (Cupressaceae) comprises about 60 species, which is widely distributed from alpine regions to coasts, from subtropical zones to the subarctic zone in the northern hemisphere (Nagano et al. 2000) . The wood is used for furniture material, and where protection of clothing against insects is needed. Additionally there are many Juniperus varieties used in gardening landscape all over the world. Approaches to improve the rapid growth and wood quality have been studied. For example, genetic linkage maps, polymorphic DNA marker and phylogenetic research have been developed in some species of Cupressaceae (Mukai et al. 1995 , Kusumi et al. 2000 , Nakao et al. 2001 , Kado et al. 2003 . However, the association of linkage maps and each chromosome in Cupressaceae is still limited.
Although many chromosome numbers have been reported for species belonging to the family Cuperesaceae, only a few works concern the karyotypes. Recently, Nagano et al. (2000) have analyzed the detailed karyotype on 5 Juniperus species and 4 varieties, and they concluded that the basic chromosome number in this genus is xϭ11. However, since the similarity of Juniperus chromosomes, it is difficult to identify the homologous pair using karyotypes (Nagano et al. 2000) . It is necessary to associate linkage maps with each chromosome, but no research has been done including C-banding, fluorescence banding and in situ hybridization. Thus, as one of the first tools to develop Cupressaceae genomic research, we started fluorescence in situ hybridization for chromosome landmark.
Fluorescence in situ hybridization (FISH) with rDNA is a useful marker for chromosome identification (Leitch and Heslop-Harrison 1993, Li and Zhang 2002) . Especially, the physical mapping of 5S and 18S ribosomal RNA gene greatly contribute to chromosomal identification in plant with morphologically similar chromosomes (Hasterok et al. 2001 , Hizume et al. 2002 .
The aim of this study is to identify homologous chromosomes using McFISH with 5S and 18S rDNA. We report the first step of karyotypical tagging each of the 11 Cupressaceae chromosome pairs.
Materials and methods

Chromosome preparation
Materials for the present study were collected in Japan and were cultivated in the Department of Plant Science, Kyushu Tokai University (Table 1 ). The seedlings were pretreated with 2 mM 8-hydroxyquinoline at 24°C for 5 h before they were fixed in ethanol-acetic acid (3 : 1) at 4°C for 12 h. Fixed seedlings were washed 1 h in distilled water and their root-tips were cut into 2-3 mm long. Then, they were macerated in a mixture of 1 N HCl for 25 s, and were washed distilled water for 1 h. Ten to 30 root-tips were placed in a microcentrifuge tube containing 1 ml of enzyme solution (4% Cellulase Onozuka-RS (Yakult Honsha) and 2% Pectolyase Y-23 (Kikkoman), pH 4.0) and incubated at 37°C for 5 h. Ten to 20 ml of the fixative was dropped onto root-tip and squashed. Then they were stained with 0.5% feulgen for 2 h. For FISH, chromosome preparations were pretreated with HCl (10 mM, 10 min), Proteinase K (250 mg/ml, 15 min) and Pepsin (20U in 0.2 N HCl, 15 min). Then they were treated with RNase (100 mg/ml, 1 h), fixed in 4% paraformaldehyde for 15 min, dehydrated through an alcohol series and air dried. Karyotype formulas at mitotic metaphase were based on the data of measurements of the chromosomes taken from the photographs. Chromosomes at mitotic metaphase were classified by arm ratio calculated by long arm/short arm following Levan et al. (1964) : mϭmedian-centromeric chromosome with arm ratio of 1.0-1.7; smϭsubmedian-centromeric chromosome with arm ratio of 1.8-3.0; stϭsubterminal-centromeric chromosome with arm ratio of 3.1-7.0, tϭterminal-centromeric chromosome with arm ratio 7.1 or more.
PCR amplification of 5S and 18S ribosomal DNA
Total genomic DNA was extracted according to the method of Shaw (1988) from young growing leaves of Juniperus lutchuensis. PCR amplification of 5S and 18S rDNA followed the procedure of Hizume (1993) and Sogin (1990) , respectively. The sequences of the primers were as follows: 5Ј-CGGTGCATTAATGCTGGTAT-3Ј and 5Ј-CCATCAGAACTCCGCAGTTA-3Ј for the repeating units in 5S rRNA gene clusters, and 5Ј-AACCTGGTTGATCCTGCCAGT-3Ј and 5Ј-TGATC-CTTCTGCAGGTTCACCTAC-3Ј for the 18S rRNA coding regions. PCR reaction mixture (total 50 ml) contained 60 ng of template DNA, 200 pmol of each primer, 0.1 mM of each dNTP, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , and 1 unit of Taq polymerase (TOYOBO). Amplification was performed in a T1 Thermocycler (Biometra) programmed for one cycle of 4 min at 94°C, 30 cycles of 30 s at 94°C, 30 s at 60°C, 60 s at 72°C, and 1 cycle of 5 min at 72°C.
Fluorescence in situ hybridizaion
The 5S and 18S rDNA probes amplified by PCR were labeled by means of random primer DNA labeling with digoxgenin-dUTP (Takara) and nick translation with biotin-14-dATP (invitorogen), respectively, following the supplier's instructions. Labeled DNA probes were denatured at 38 Cytologia 72(1) Katsuya Nagano et al. 95°C for 10 min. Hybridization mixtures contained 50% formamide, 10% dextran sulfate and each probe at a concentration of 4 ng/ml in 2ϫSSC. 25 ml of hybridization mixture was put on a chromosomal preparation and covered with a cover slip and sealed with rubber gum. The slides were denatured at 80°C for 3 min on a hot plate and then incubated overnight at 37°C in a humid chamber. After overnight incubation, coverslips were floated off in 2ϫSSC and slides were rinsed in 2ϫSSC at 42°C for 10 min, 1ϫSSC at 42°C for 10 min, and 2ϫSSC/0.2% Tween 20 at room temperature for 10 min twice. Slides were blocked with 5% (w/v) bovine serum albumen in 2ϫSSC/0.2% Tween 20 for 10 min at room temperature. Signal was detected with 100 ml of 5 mg/ml antidigoxigenin-rhodamine (Roche) and 2 mg/ml avidin-FITC (Roche) in 2ϫSSC in each slide for 1 h at 37°C in a humid chamber. Slides were washed in 2ϫSSC/0.2% Tween 20 for 10 min twice, 2ϫSSC at room temperature. The slides were then mounted in Vectashield Mounting Medium (Vector Lab.) containing 500 ng/ml of 4Ј,6-diamidino-2-phenylinodole (DAPI).
Results and discussion
Karyotypes analysis
The somatic chromosome numbers (2n) of the species studied were shown in Table 1 . The chromosome number of J. chinensis var. sargentii was counted to be 2nϭ22 (Fig. 1A) . The chromosomes of the complement in the species indicated a gradual decrease in length from the largest (5.6 mm) to the shortest (3.7 mm) chromosomes and consist of 18 median-, 2 submedian-and 2 satsubterminal-centromeric chromosomes (Fig. 2A) .
The chromosome number of J. lutchuensis counted here was 2nϭ22 (Fig. 1B) . The chromosomes of the complement indicated a gradual decrease in length from the largest (5.7 mm) to the shortest (3.8 mm) chromosomes and consist 18 median-, 2 submedian-and 2 sat-subterminal-centromeric chromosomes (Fig. 2B) .
The chromosome number of J. chinensis var. procumbens counted here was 2nϭ44 (Fig. 1C) . The chromosomes of the complement indicated a gradual decrease in length from the largest (5.7 mm) to the shortest (3.9 mm) chromosomes and consist of 36 median-, 4 submedian-and 4 sat-subterminal-centromeric chromosomes (Fig. 2C) . Based on various cytogenetic study for Cupressaceae species, the chromosome numbers have been reported and the basic number of these species is xϭ11 (Nagano et al. 2000) . The number of chromosomes of J. chinensis var. sargentii and J. lutchuensis was 2nϭ22, except for J. chinensis var. procumbens (2nϭ44). These results were confirmed previous study (Nagano et al. 2000) . The relative lengths of each chromosome in three taxon observed held no remarkable differences, except for satellite chromosomes. And also their sizes decreased from large to small in a gradual manner. For these reasons, it was difficult to identify the homologous pair using karyotypes.
FISH with 18S and 5S ribosomal DNA probes
The chromosomal positions of 5S rRNA and 18S rRNA genes of three Juniperus were detected by McFISH. One pair of 5S rDNA site was at the proximal region of the short arm of the median-centromeric chromosome in two diploid species (Fig. 2A, C) , and two pairs of 5S rDNA was at the same regions in tetraploid Juniperus var. procumbens (Fig. 3B, D) . One pair of 18S rDNA site was detected at the secondary constriction on two diploid chromosomes and 2 pair was detected at the secondary constriction on tetraploid Juniperus var. procumbens (Figs. 3D, E) . In this study, the McFISH with 5S rDNA and 18S rDNA of J. chinensis var. sargentii and J. lutchuensis chromosomes tagged four out of 22 chromosomes and on tetraploid Juniperus var. procumbens chromosomes tagged 8 out of 44 chromosomes (Figs. 3A, B) . Juniperus var. procumbens (2nϭ44) has 5S and 18S rDNA sites equal to double of the numbers of diploid species (Figs. 3C) . No minor signals of 5S and 18S rDNA probes were detected in the Juniperus chromosomes. Variability in number and distribution of 5S and 18S rRNA genes on chromosomes had been reported in several species and its relatives (Fukui et al. 1994 , Hizume et al. 2002 , Ruas et al. 2005 . In this study, however, we demonstrated that the number and loci of 5S rDNA and 18S rDNA had remained stable, and were very closely related to each other.
We developed karyotypes using McFISH with 5S and 18S rDNA, and reported the first time chromosome makers of the family Cupressaceae.
